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SUBSTANTIVE DYES, INKS AND DYE BATHS 

as well as on papers, so that th^ may be uSt T**™ ^ W °°'' S " k ' cott °". ■« ^SleT 
dye.baths of the present invention '££S£!T * Perman8nt mark or ^ *I?S?ISP 
composes of the present invention tend to £S2 2?" "^W^^S' 

tttoZT iT T 0n may 58 USed in ^ flSSr^^ SUCh P8rts - dyes 

aqd so as to make them water soluble. Wherel S ZZZZ'J** 8 ? may with sub - 

aqueous solvent (e ? g.. a dye bath oon^JS^SSTSS^ ^ ind "«" e «f used in a S 
m^ubstrates such as cellulose, wood, and the^ike 25L2 *. 9 52* ^ Capabte of P*™nerSy ■ 

and the metal ion results in a modification 5 the Si™ i0a 77,6 interac *°" between itad' 

Company. WlrtwrSS^rf ' f 8C0nd Edi «°n, pages 288-295. J B UpoTncott ' 
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compositions, the concentration of hydroxycarboxylic acid in the aqueous inks and dye baths of the present 
invention generally ranges up to about 20 percent by weight (based on the weight of the solution) and is 
preferably no more than about 15 percent by weight, and more preferably no more than about 10 percent 
by weight 

s Nigrosine and induline dyes are azine dyes. Their character and preparation are described in more 
detail in, for example, Vol. A3 of Ullman's Encyclopedia of Industrial Chemistry, (VCH Publishers, Deerfiejd 
Beach. Flonda. 1985). A nigrosine dye may be made by heating a mixture of aniline, nitrobenzene, 
hydrochloric acid, and iron slowly to a temperature of a little over 200«O Subsequent to the heating 
process, the dye is powdered and slunied first with dilute hydrochloric acid and then with a dilute aqueous 
to solution of sodium carbonate to first remove any excess aniline and then to convert the dye to the dye base' 
form. The resulting material is sold as a dry powder to users and is called nigrosine base or CI (Color 
Index) Solvent Black 7 (CI. Number 50415). Other, nigrosine dyes are similarly prepared. 

If a spirit or alcohol soluble nigrosine dye is desired, the aforementioned washing with dilute sodium 
carbonate solution is eliminated. If a water soluble nigrosine dye is desired, it may be prepared by heatini 
nigrosine base to about 110'C with three times its weight in sulfuric acid until a test sample of the reaction 
product becomes soluble in dilute ammonium hydroxide. The dye is then washed and neutralized with 
sodium hydroxide. > 

An induline dye may be made by heating a mixture of aniline, aniline hydrochloride, and- 
phenylalanine to a temperature near 180»C. The melt is ground and washed in a weakly basic solution to 

*° «!^m e r^ 8 baS8- 7118 dye base is SOld as a P 0 ^ 6 ' and is referred to as CI. Solvent Blue 7 (CI. Number 
50400). Other induline dyes are similarly prepared. 

Dyes related to indulines but of different shades (ranging from bluish reds to deep blues) may be made 
by reacting together (a) .an aromatic amine having its para position free, (b) the hydrochloride of the 
foregoing amine and (c) an aromatic amine that is substituted at its para position with a substituted or" 
unsubstituted phenyl or-napthyl azo group. Most such materials. are^water insoluble- though-some diamine- 
compounds have a degree of solubility (but many, may be insoluble when combined with a mordant) As 
used herein, unless indicated otherwise, the words "induline dyes" should be understood to include the ■ 
foregoing dyes that are related to indulines. V* 
There are large numbers of basic dyes that were initially prepared prior to the 1960's: Within the last" 
twenty years, in response to the discovery that many basic dyes are lightfast on polyacryloni'trile. a number-' 
of new basic dyes have been prepared (e.g., by the diazocoupling of sulfur-contairiing heterocyclic" 
compounds to aromatic amines). Generally, basic dyes are brilliantly colored and have a high tinctorial 
stiength Basic dyes, by definition, carry a positive charge and are also called cationic dyes since they are / 
attracted in solution to the negative electrode or cathode of an electrochemical cell. Basic dyes that are • 
as useful ,n the present invention include Malachite Green. Basic Blue 1. Basic Blue 3. Basic Blue 41 
SSTh^' famine 6G *f c Ye,,ow A"™™ Thioflavine T. Acridine Orange. Auramine '<3 : -" 

ST?v?l ^ IV* • 30 ,0iBt 16< A0n ' dine Ye " OW ' Crystal Vi0l8t ' Basic 0ra "98 21. Methyl Violet. 
Ethyl Violet, and Victoria Pure Blue BO. I have chosen to consider dyes such as Solvent Blue 23 (which is 
insoluble even in the absence of a mordant) basic dyes since they carry a positive charge in an acidic 
solution of a solvent in which they are soluble (e.g.. methanol). Although I have referred to nigrosine or 

£SZH H y6S 83 "T"? 0rOUPS * dy6S in discussin 9 » e ^ component of my invention, nigrosine or 
induline dyes may also be considered basic dyes because they also carry a positive charge in an acidic^ 
solution in which they . are.soluble. a ■ 

• , B !f ° I* 83 Vary • Wldely SOlub,,ity - Some such 38 Rhodamine B are readily soluble in water (but a*T 
insoluble when combmed with a mordant) while others such as Victoria Blue B have poor solubility in water 
As used herein, and unless indicated otherwise, the term "a hydroxycarboxylic acid having at least 
three hydroxy groups" shall be understood to mean a hydroxycarboxylic acid having at least three hydroxy 

SZn't'h? H^i 9r ° UP ** ,S P3rt ° f the Cart,0x y' 9 rou P and not in <*<ding a hydroxy 

group toat is a substrtuent on an aromatic ring. Preferably, each required hydroxy group is a substituent on 
an aliphatic carbon atom. It will also be understood that the hydroxycarboxylic acid should be soluble in the- 
aqueous solutions of the present invention. Gluconic acid is the most readily available of the hydroxycar- 
boxylic acids that are useful in the compositions of the present invention and is. therefore, preferred. Other 
hydroxycarboxylic acids that may be used include «-D-glucoheptonic acid gamma-lactone, galactonic acid, 
and glucuronic ac,d. Other useful hydroxycarboxylic acids may be prepared by oxidizing sugars such *r 
fructose, mannitol galactose, and the like to the corresponding acids or by oxidizing similar carbohydrates 

L^Lr? P ° 9 , ad ?- SUCh 0Xidati0n may be perf0rmed wHh bromine or «cid under mild 
cond.bons. for example, by warming an aqueous solution of the sugar with nitric acid. A mixture of 
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■ The water miscible solvent used to oreoare tho h 

invention should be capable of dlmnh*T n * • ye com P° si t<°n. inks and dye baths of „ 

«■* (e*. causs cwmson or swISlina S IT*^? *"*■« should not exooL*.* 

giycoi ue, dimethy formamide, N-methvi^Lr^rir MPronediol. hexyfene .glycol olvcoi n« 

the term mordant as aoDliart t« «!l Accordingly, as used herein and uni & « ^ a not 
insoluble agem^atSlls wl% C ° b S i0n t S ° f "* «««*". ^TE^SS . 
using a hydroxycarboxyHc J .XfX ' vdro" ^ ^ ** ^ -oTie" ! 
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. mercapfebenzomiazole. A composition He ^stt inS t?^ 0n f'*** of 1,18 solution) of 
:7P tome acid can generally be inhibited aga^TnSon oTS £1 f^ 888 * 8Bt 10% ^ 
■ copper sulfate (based on the weight of the 'LutoTSi^^ ^' p8,te P8r mf,|ion <>y weight of 
weight of the solution) of benzotriazole ' C ° njunct,on ^ about 0.5% by weight (based on the 

^V^t^^^^^^^ the order of about 1 to about 2 %). sucn W 

" 5 t m ^ n f °: PteVent ^ out'S J^^Slt? ^ era ,,y added in 2dt: 
the order of about 15 to about 30% P " mks 1119 ""^octant content is generally on 

^^^^ 

presence of chloride ion which would ehhanS * 5££ -5*^ J Preferab,e in «*» to avoid the 
a m !f bte so,ve "t. «" an agent or agents thatLrle J) « a ™2 f^ 0 " to Cause «"**»> 'to a wafer- 

be added as a solid or it may be added as an Mu l7« if, * ^ ssec L ab ° ve - 17,6 hydroxycarboxylic acid mav 

boxylic acid is gluconic acid are commercial! m2ST ™ ? u" SuCh S0,utions where *» hydroxycar- 
".. tat twice the weight* the dye water miscible solvent usual!^ 

Reacjon may occur at room J^JS^Z^J^J^Ji^ ^ight of the £1- 
mayj* required. Generally, the resulting soSn Se com^S T.? ** * period 01 a few minutes 
soluble ,n a solution that comprises up to abort 10% bv 3? "J** **** or » at least S - - 
hydroxycarboxylic acid (e.g.. gluconic acid) S of sue? a 10% 2f ? *• W * 9ht of 1,16 solution) oV 
ac,d^ ay be necessary in preparing an ink o 7ye bS como^L * iT*' 0 " of ^roxycarboxylie. 
of dye and mordant (e.g.. a combination of TanJan £ * dissolve combination -. 

solvent and mordant? SSTSSc?^ 2^ * ^ T*" * ^ «* wa *' miscible 
mk or dye bath. Factors to be considered InciuTi^ ^^l^ concen *a«on of dye in such' 
desired, and. for inks, the required thicknes J c n9th of ^ 408 shade of dyed fabric 
dye is generally m the ranged ° * 2^£* *• fina « «"o«J£J£ 

for a newspaper ink. generally, the dye (e o n^„? (b Sd °" * e ° f the ink), whereas 
weight (based on the weight o the inW and fnr f « } * betw9en about 2 and about 7sT iS 

(based on the weight of L ink) FoMexS iL^T™*" ^ 2 to about ^by weight 
length of «, dye. the amount of dye i Ta dye S canine JT ? f!* *** and * a *3J 

SLT?* taad 00 ** ^ of tne *ye bathtSn 9 ^ 00001 % to as *«* as about- ■ 

Trie following non-limiting Examples 1-14 hi.,^1 *u 
-nvantion. Example 15 is a ^^ve ^'^1^ « *™»*** of the present 

Examples were technical grade. P ' 6 ' U " ,eSS ,nd,cated ot ha^se. the materials usedTSe 
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Example 1 
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•5 amount of watered to dliuU^mbS^ with water. TfS- 

newspaper ink. or writing ins^ment ^ 

cases. <a mordant was added 10*'™^^^'* least 50 ml of water: was. used. In -some 
, amounts o^ateria^sed.^ 

10 Us ^r??«>*°^9«yes have beehlSiS > r 

. Number 50370,.but^^ 

ben 2 oic ; acidatabout200-Cr^ : . • m ^ be m a' i e by reacting aniline r wlth rbsani!ine In me'prewnceof 

°™orol^ b > condensing ortho-toluidine with 

. (g) Violamine 3G Spirit Soluble (CI iH,™** ak-, 0 ^ - . V : »V4i.':. . L ; i.K 

"TSffS"^^ ^ ^ ^ Sensing **V 

Po.yacry.onitri^lefds^ *f i "<* stain ;wpo. when: used to ' dy^ wodr 

exhibit at least as ; brilliant a S; as the S ?l th *?' ,no ^ 

£antte ;basW dye. For eJ^^^l^^^^^^ gg& 
generally exh.bit light fastness at ieast"2 AATCC^K^ -?"^ !no ^ env9tt ^ s °f Rhodamihe B 
scale ratings beyond that of the par^b^ dye ^ 
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Examples " . J ; . : 

Example 7 - 

•-* - ■ — . : . r *v ° gram 



c ^ u mpies 8, 9 and 10. respectively: 




DYE 



10 



1 gram Auramine' o 

iiS 8 ^ vic toria Pure 
Blue BO; 0.5 gram 
Crystal Violet 

2 grams Basic- Blue r. 
1 gram Auramine o 



TANNIC Arm 
3 grams 

3 grains 

4 grams 
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Example 12 

A dyestuff made according to the method of Example 11 was diluted with water so that the bath 
contained approximately 1% nigrosine. A textile dipped for one minute in the bath and dried at room 
temperature was dyed completely substantively in a beautiful gray/black color. The weakly acidic bath 
appeared to have no harmful effects upon the fabric. 



Example 13 

In order to. prepare an ink jet ink, 10 grams of nigrosine base (obtained from Orient Chemical Corp ) 
were dissolved in 60 :grams of ethylene glycol with the aid of 12 grams of a solution . of 50% by weight 
gluconic acid in water and i gram of beruotriazole. The resulting solution was diluted with 440 grams of 
water and filtered. This system, though completely soluble and compatible with ahahk jet printer, imparted;a 
permanent black OCR scannabfe mark to cellulosic and clay coated paper substrates. 

Example 14 

A writing instrument ink was made by dissolving 6 grams of nigrosine base (obtained from Orient 
Chemical Corp.) along with 5 x 10-3 gram of copper- and 0.2 gram of benzotriazbie in a solution of 10 gram£ 
of dimethyfformamide and 10 grams of triethylene glycol with the aid of 72 grams of a 50% by weight 
solution of gluconic acid in water to form an ink that gives a permanent intense black mark upon writing 
papers when used with rolling writer or fiber tip pens. : 

Example 15 

In order to evaluate the suitability of organic acids for sblubilizing dyes in the presence of tannic acid I 
have taken one part by weight of a dye. and mixed the dye with twcparts by weightof tannic acid in five 
parts by weight of methanol. I then added three parts by weight of an organic acid. After gentle warrriing for 
a few minutes. I then diluted the mixture with 200 parts by weight of water. This procedure was followed for 
each of the following dyes: Rhodamine B, Auramine O, Basic Blue 1. Crystal Violet, Victoria Pure Blue BO 
Victoria Blue R, Victoria Blue B, Basic Blue 3, Malachite Green* Methyl violet, Ethyl Violet Basic Yellow It 
Basic Yellow 28, nigrosine, and induiine. The suitability of each of the following acids was evaluated as 
described above: acetic, citric, tartaric, formic, maieic, glycoilic, and lactic acid. 

With the exception of the methanol solutions of tannic acid and Victoria Blue B. nigrosine or induiine 
which formed precipitates immediately upon the addition of most of the foregoing organic acids, the dye^ 
tannic acid mixtures appeared to be soluble in organic acids and did not precipitate when the solution was 
diluted with water. However, after a period of time ranging from a few minutes to a day or two, precipitation 
was observed. 



Claims 

1 . A dye comprising 

(a) a water insoluble nigrosine dye, induiine dye or basic dye; 

(b) a water miscible solvent; and 

(c) a hydroxycarboxylic acid having at least three hydroxy groups. 

2. A dye according to claim 1, wherein the hydroxycarboxylic add is gluconic acid. 

3. An ink or dye bath comprising an aqueous solution that comprises 

(a) a water insoluble nigrosine dye, induiine dye or basic dye; 

(b) a water miscible solvent 

(c) a hydroxycarboxylic acid having at least three hydroxy groups and 

(d) water. 

4. An ink or dye bath according to claim 3, said ink or dye bath comprising 

(a) a water insoluble nigrosine dye, induiine dye or basic dye; 

(b) a water miscible solvent 
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mordant; and ^ ^ having 

at least three hydroxy groups; 
- (e) water. , , 
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